Aims: To assess the long-term therapeutic benefit of temporary depletion of B lymphocytes in patients with idiopathic membranous glomerulopathy (MGN) and search for potential predictors of response. Patients and Methods: The patients included had been diagnosed with biopsy-proven MGN in the absence of secondary causes. Estimated glomerular filtration rate should be above 30 ml/min/1.73 m 2 and 24-hour proteinuria 3 g/day or more. Patients who had been treated with cyclosporine or cytotoxic agents the year prior to study entry were excluded. Depletion of B cells was achieved with rituximab, which was administered intravenously for 4 consecutive weeks. Partial remission was defined as a 1 50% decrease in proteinuria with absolute proteinuria ! 3 g/day, while complete remission was defined as a 1 50% decrease in proteinuria and an absolute protein excretion ! 0.3 g/day. Results: Twelve patients were studied (4 females/8 males) with a mean age of 51.3 years. No major adverse effects were observed. During a median follow-up time of 48 months, 11/12 (91.6%) patients achieved remission [7/12 (58.3%) complete remission and 4/12 (33.3%) partial remission], while 1 patient did not respond to therapy. Twelve months after therapy, 68.8% (p = 0.003) of cases had achieved partial and 28.4% complete remission. Measurements of lymphocyte subpopulations did not reveal any changes
Introduction
Treatment of idiopathic membranous glomerulopathy (MGN) has always been a challenge for practicing nephrologists since it is the most frequent histopathological finding among nephrotic adults [1, 2] , with 40% of them reaching end-stage renal disease [2, 3] . As the actual activity of the disease in a given patient is not known, treatment efficacy is not guaranteed and there may be cumulative toxicity from the drugs used in the treatment. Experimental models, which faithfully duplicate MGN, demonstrate deposition of immunoglobulins along with components of the complement system on the epithelial side of the glomerular basement membrane to be the primary mechanism of disease [2] . If B lymphocytes contribute substantially to MGN [4, 5] pathogenesis, then interventions targeting them should maximize the therapeutic benefit and minimize side effects. Rituximab, a chimeric monoclonal antibody, has been shown capable of suppressing B cells selectively, and not shrink the lymphocyte pool in total [3, 6, 7] . Promising results with this agent have been reported in several autoimmune disorders [7, 8] , including MGN [3, 6] , opening a new door to immunomodulation. However, several questions arise with respect to the duration of the presumed therapeutic effect, its precise mechanism of functioning and the impact, if any, on the T lymphocyte pool.
This study explores the long-term clinical impact of B cell depletion in idiopathic MGN, and searches for subsequent phenotypic alterations of lymphocytic subpopulations in the periphery and B cell infiltrates in renal tissue.
Methods

Selection of Patients
Patients were eligible to participate if they fulfilled the following inclusion criteria: (a) age older than 18 years; (b) biopsy-proven MGN diagnosed within the previous 2 years; (c) proteinuria of at least 3 g/day; (d) minimum clearance of creatinine of 30 ml/min, calculated by the Cockcroft-Gault formula, and (e) informed consent signed by the patient.
Patients were excluded if they tested positive for hepatitis B or C virus and human immunodeficiency virus or had any other acute or chronic active infection. In addition, women with MGN who were pregnant or in the nursing phase as well as patients with a history of neurological or hematological disorders were excluded. Patients with any exposure to cytotoxic agents, (chlorambucil or cyclophosphamide) within 6 months prior to consideration for entry and/or use of cyclosporine or steroids within 3 months before were excluded.
Definitions
Partial remission was defined as a decrease in proteinuria of 1 50% with absolute proteinuria of ! 3 g/day, while complete remission was defined as an absolute protein excretion of ! 0.3 g/day. Response to therapy was defined as a reduction in proteinuria allowing any patient to achieve partial or complete remission sustained for a minimum of 6 months. Relapse was defined as an increase in 24-hour urine protein excretion of 1 50%.
Study Protocol
Each patient received 4 weekly intravenous pulses of rituximab (375 mg/m 2 of body surface). The maximum dose should not exceed 700 mg each time. Treatment was preceded by a course of hydrocortisone (500 mg) and an anti-histamine agent.
Concomitant Therapy
Nonsteroid anti-inflammatory agents were not allowed. All patients had been treated with angiotensin-converting enzyme inhibitors and/or angiotensin receptor blockers for a minimum of 6 months before entry. In addition, warfarin, heparin and diuretics were allowed by clinical indication; however, steroids were not given during the study period.
Evaluation at Entry
Baseline evaluations included physical examination as well as body weight and blood pressure measurements, in addition to 24-hour protein excretion, which was captured by the mean value of 3 consecutive urine collections, serum creatinine and estimated glomerular filtration rate (eGFR) measurements, and counts of erythrocytes, white blood cell counts, platelets, lipid profile, albumin and lymphocytic subpopulations.
Histopathological Assessment
Renal biopsy specimens were processed for light-microscopy immunofluorescence analysis using standard techniques (hematoxylin and eosin, Masson's trichrome, periodic acid-Schiff and silver stain). Histological changes were evaluated and assigned a score or a numerical value by a renal pathologist according to semi quantitative or quantitative criteria. Glomerular changes and the percentage of glomeruli with global sclerosis or segmental sclerosis over the total number of glomerular profiles were assessed. The increase in the mesangial matrix was scored as follows: 0 = absent; 1 = mild ( ! 25%); 2 = moderate (26-50%), and 3 = severe ( 1 50%). The overall severity of glomerular changes was assigned a score as follows: 0 = mild increase in the mesangial matrix; 1 = moderate or severe increase in the mesangial matrix; 2 = presence of segmental glomerulosclerosis, and 3 = association of segmental glomerulosclerosis and an at least moderate increase in the mesangial matrix. Tubulointerstitial changes were scored as follows: 0 = tubular atrophy absent; 1 = tubular atrophy in up to 25% of the area of cortical tubules; 2 = tubular atrophy involving 26-50% of the cortical area, and 3 = tubular atrophy in 1 50% of the cortical area. The severity of interstitial fibrosis was scored as follows: 0 = absent; 1 = interstitial fibrosis in up to 25% of the cortical area; 2 = interstitial fibrosis in 26-50% of the cortical area, and 3 = interstitial fibrosis in 1 50% of the cortical area. The severity of interstitial inflammation was scored as follows: 0 = absent; 1 = up to 25% of the parenchyma inflamed; 2 = 26-50% of the parenchyma inflamed, and 3 = 1 50% of the parenchyma inflamed. The overall severity of tubulointerstitial involvement was quantified as the sum of the average score values of tubular atrophy, interstitial fibrosis and interstitial inflammation.
The thickening of the vascular wall, taken as a marker of sclerosing changes and hyalinosis of arteries and arterioles, was quantified with the following vascular scores: 0 = absent; 1 = mild (increase in thickness to a degree that is less than the diameter of the lumen); 2 = moderate (increase in thickness equal or slightly greater to the diameter of the lumen), and 3 = severe (wall thickness far exceeding the diameter of the lumen). The glomerular parietal diffuse C3 staining was assigned an intensity score that ranged from 1 (mild) to 3 (strong). The stage of the disease was graded from 1-4 according to the criteria of Ehrenreich and Churg (Jennette 2007).
Computer-assisted morphometry was performed to evaluate CD 45+ and CD 20+ cells. Images were captured by a microscope-mounted high-resolution digital camera with a video output. Interstitial CD 45+ and CD 20+ cells were counted as number of positive cells/mm 2 .
Clinical Parameters during Follow-Up
Patients were followed on a monthly basis after cessation of therapy (for a total of 12 months if at all possible) with physical examinations and labs, including a full biochemical profile, hematological indices, urine analysis, 24-hour urine protein excretion and blood lymphocyte subpopulations, namely B lymphocytes (CD 20 or CD 19 B cells), T lymphocytes (CD 3 ), T helper cells (CD 4 ), cytotoxic T cells (CD 8 ), natural killer cells (CD [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .56+ ) and CD 4 / CD 8 ratios. We also measured the expression of CD 69 and CD 154 molecules. GFR was estimated by the Cockcroft-Gault formula at each visit.
Statistical Methods
The patients' characteristics were described using frequency tables, mean and standard deviation or median and 25th and 75th percentiles, as appropriate. Levels of urinary protein excretion and lymphocyte subpopulations at follow-up were compared to the baseline levels using the Wilcoxon matched-pairs signed-ranks test. The proportion of patients achieving partial and complete response over time was estimated using Kaplan-Meier analysis. The Cox proportional hazards model was used to assess the effect of clinical, laboratory and histological characteristics on the time of complete response.
Results
Patient Characteristics at Entry
Twelve patients were included with a mean age of 51.3 8 13.9 years (min-max: 19-69). There were 8 men and 4 women. The median (25th, 75th) follow-up time was 39 months (15, 46 ; min-max: 9-62). Patient recruitment started in 2003. All participants had received full treatment with ACEI for at least 6 months with no improvement. Four of them had also been treated with immunosuppressants (cyclosporine, Ponticelli protocol and mycophenolate mofetil) with no response. The mean systolic blood pressure (SBP) was 122.2 8 11.5 mm Hg and the mean diastolic blood pressure (DBP) 78.2 8 7.2 mm Hg. The median 24-hour urine protein excretion was 6.7 g/day (3.8, 10.4) . The mean serum creatinine was 1.5 8 0.6 mg/dl, corresponding to a mean eGFR of 77.6 8 38.2 ml/min, and the mean serum albumin was 3.2 8 0.5 g/dl. Mean serum cholesterol was 276.7 8 55 mg/dl and mean serum triglycerides 210 8 760 mg/dl ( table 1 ) .
Histopathological Assessment at Diagnosis
There was 1 (8.3%) patient with MGN stage I, 3 (25%) with MGN stage I/II, 7 (58.3%) with MGN stage II and 1 (8.3%) with MGN stage III. Specific histopathological parameters were as follows: -Global glomerular sclerosis: a score of 0 was found in 4 (36.4%) patients, a score of 1 in 6 (54.6%) patients, and a score of 3 in 1 (9.1%) patient. Segmental glomerular sclerosis was absent (score = 0) in all (100%) patients. -Overall glomerular damage: a score of 0 was shown in 6 (54.5%) patients, a score of 1 in 4 (36.4%) patients, a score of 2 in no patient and a score of 3 in 1 (9.1%) patient. -Tubular changes: a score of 0 was found in 4 (36.4%) patients, a score of 1 in 5 (45.5%) patients and a score of 2 in 1 (9.1%) patient.
-Interstitial fibrosis: a score of 0 was found in 5 (45.5%) patients, a score of 1 in 5 (45.5%) patients, a score of 2 in no patient and a score of 3 in 1 (9.1%) case. -Interstitial inflammation: 4 patients (36.4%) had a score of 0 and 7 patients (63.6%) had a score of 1. -Measurement of CD20 in kidney biopsy specimens: the mean number of CD45+ was 153.58 8 84.71 cells per mm 2 of renal tissue, and the mean number of CD20 was 39.33 8 42.09 cells per mm 2 of renal tissue. No association was observed between the number of infiltrated CD45+ and CD20 cells in the renal tissue at the time of MGN diagnosis with subsequent response to therapy with rituximab.
Outcomes
Safety and Tolerability Treatment with rituximab was well tolerated in all patients. Serious adverse events did not occur. Serum creatinine and eGFR were not significantly altered in serial measurements during the observation period. At end of follow-up, 7 (58.3%) patients had achieved complete remission and 4 (33.3%) had achieved partial remission, while 1 (8.3%) patient had no response. Measuring the 24-hour urinary protein excretion every month in all patients revealed that in those cases who achieved complete remission, this was preceded by a phase of partial remission ( table 2 ) . A significant reduction in the 24-hour urinary excretion was observed 9 months after treatment (p = 0.033). At that point, 58.3% of the cases had achieved partial remission (median 24-hour protein excretion 1.3 g) and none complete remission. Twelve months after therapy, the median 24-hour protein excretion was further significantly reduced to 0.8 g (p = 0.003). Then, 68.8% of the patients had achieved partial remission and 18.2% complete remission. At 15 months after therapy, the median 24-hour proteinuria was 1.1 g (p = 0.005), and 89.6% of the patients were in partial remission and 27.3% in complete remission. After this, 3 additional patients achieved complete remission 24, 30 and 42 months after therapy, respectively (they had been in partial remission 2 months after therapy initiation). All comparisons refer to the baseline 24-hour proteinuria ( table 2 ). The median time interval from rituximab administration to partial remission was 6 months (n = 11; min-max: 3-15) ( fig. 1-3 ) .
Serum cholesterol was shown to be significantly reduced (p ! 0.05) 12 months after therapy, as were serum triglycerides 6 months after therapy (p ! 0.001) and afterwards ( table 1 ). Months after rituximab therapy 0 (n = 12) 3 (n = 12) 6 (n = 12) 9 (n = 11) 12 (n = 11) 15 (n = 10) 24 (n = 10) 42 (n = 10) 
Predictors of Response to Therapy
We analyzed clinical, laboratory and histopathological parameters that might predict response to therapy. Serum albumin was associated with response to treatment, i.e., patients with a higher serum albumin at entry (per 0.5 g/dl of increase) were 2.7 times (95% CI: 1.04-6.99, p = 0.04) more likely to respond to therapy (p = 0.04). In addition, patients with nephrotic range proteinuria were shown 14.3 times (95% CI: 1.41-145.6, p = 0.024) less likely to respond to therapy with rituximab ( table 3 ) . None of the remaining parameters, including the number of B cells per mm 3 of renal tissue, was associated with either partial or complete remission.
Lymphocyte Subpopulations
B lymphocytes (CD 20 ) were depleted in all patients within a mean time of 1 month after rituximab administration. The mean duration of B cell (CD 20 ) depletion was 6 months (minmax: 5-10). During recovery, the absolute numbers of B cells remained significantly different compared with the numbers of B cells at entry (p = 0.003), and remained altered until the end of the observation period (p = 0.023). A trend towards increased CD 425 was recorded at the final measurement.
We found no significant changes in the total number of leucocytes or lymphocyte subpopulations (compared with the corresponding numbers at entry) at the time of B cell depletion and B cell recovery as well as at the end of observation, i.e., 9-12 months after therapy.
Discussion
This study reports extended clinical outcomes and measurements of patients with MGN after treatment with rituximab. We observed significant response rates, with 11/12 (33.3%) of participants achieving partial remission and 58.3% complete remission. The median time to partial remission was 6 months and to complete remission 24 months. However, partial remission was followed by complete remission in all cases, resulting in a response rate of 91.6% during a median follow-up time of 48 months. Rituximab for MGN was first introduced by Remuzzi et al. [6] using the same dosage scheme. Twenty-four-hour protein excre- tion was decreased from a mean of 8.6 g/day to 3.8 g/day during a 20-week follow-up time in that study [6] , while evaluation of those patients after a 12-month observation period revealed sustained remission [3] . We observed higher remission rates, but several differences can explain our results. First, all patients who achieved complete remission ( fig. 2, 3 ) did so in a median time of 24 months, and all did so through a phase of partial remission. This finding not only addresses once again the importance of partial remission [9] during the course of MGN, but also magnifies the potential of a new type of path physiologic action. Considering this, we speculate that improvement and finally normalization of protein excretion might be accompanied by constant and gradual glomerular changes towards normal structure. Since no subsequent histological data are available at the moment on these patients, we cannot know the direction of improvement, i.e., absorption of immune deposits or other types of transformation. Yet, the main argument allowing this hypothesis is the fact that no modification of the concomitant therapy was done during the study period. If depletion of B cells acts by restoring the normal glomerular basement micro-anatomy, this pos- sibly occurs by interrupting the pathogenetic pathway, which leads to podocyte damage. However, the potential of repairing immunological abnormalities and reinstate the function of the host immune system remains to be proved. Likewise, Ruggenenti et al. [10] described specific morphofunctional changes in remitted MGN patients, evident within a median time of 21 months after rituximab therapy. However, unlike ours, their findings were confirmed by tissue reevaluations, i.e., reabsorption of subepithelial deposits shown in electronic microscopy [10] . This suggestion coincides with the functional action of cyclosporine, which occurs soon after initiation, resulting in remission rates as high as 70% soon after therapy initiation. However, considerable relapse rates following discontinuation of cyclosporine have been reported [11] .
Scoring histopathological indexes of the diagnostic biopsies showed that our patients had no chronic lesions. It is possible that rituximab is more advantageous when given in earlier stages of MGN, when chronicity is not present. Correlations of histological and clinical characteristics at the time of initial treatment, encourage this hypothesis [12] . Besides, we found that patients with higher serum albumin and higher GFR were more likely to respond to therapy with rituximab. Accordingly, patients with lower protein excretion, as reflected in the 24-hour collection, were more likely to achieve remission. All taken together, this points to the significance of prompt discovery of the disease, at it is more likely to be reversible at an early stage. However, Fervenza et al. [13] studied 15 severely nephrotic patients treated with rituximab and observed full remission in 2 and partial remission in 6 cases, while proteinuria was significantly decreased at 12 months. The authors concluded that rituximab is effective in some cases with idiopathic MGN [13] . Nevertheless, the allocation of a given patient by risk progression is the key step in planning MGN therapy [14] and, probably, patients with medium or low risk indexes of damage by histology are more likely to respond to rituximab.
We found no association between the number of infiltrated CD 45 and CD 20 cells in renal tissue at MGN diagnosis and subsequent response to rituximab, a finding which is in agreement with earlier studies [13, 22] . The contribution of B cells in renal inflammation has always been considered a potential factor [15] , but there is also substantial uncertainty regarding the ectopic formation of lymphoid follicle-like aggregates at sites of chronic inflammation [16, 17] . Although the number of B cells in renal tissue has been described to be low [18] [19] [20] [21] , a prominent accumulation of B cells was reported in MGN [5] . B cell infiltrates are highly present in renal allograft rejection, aggregates or scattered interstitial patterns [23] .
All patients in our study exhibited depletion of B cells for about 6 months. Lymphocyte subpopulations were not altered significantly during the follow-up time, with the exception of CD 20 cells numbers. Most investigators [3, 6, 12] focus in the follow-up of rituximab therapy on measuring circulating B cells as we did in the current study. Whether this parameter is the most appropriate one to reflect the impact of such therapy on the immune system and on tertiary lymphoid organs is of question. For instance, it has been shown that some transplant patients with acute rejection fail to respond to rituximab despite depletion of B cells in the periphery [24] . An inflammatory microenvironment provides paracrine survival signals to B cells in tertiary lymphoid organs, allowing them to escape rituximab-induced apoptosis, and thereby thwarting therapeutic efficiency [25] [26] [27] . Besides, studies on fully functional ectopic lymphoid tissues suggest that the local humoral immune response participates in such pathological processes [28] . Similar studies on rheumatoid arthritis demonstrated that, unlike those in circulation, synovial B cells may be decreased but not eliminated by rituximab, while there is a correlation between synovial B cell depletion and clinical response to this agent [29] . However, as recently shown, the primary form of MGN is associated with the occurrence of specific antibodies, which are directed against the M-type of the phospholipase A2 receptor and are found in the great majority of patients [30] , and thus inhibiting humoral response and clearance of them may consequently be proven of great importance.
Limitations of our study include the small number of participants and the lack of a control group to assess spontaneously remitted subjects. Also, the 4-week regimen of rituximab, which was used in this study, is nowadays of question since the titrated option might be of equal results [23] . However, patient recruitment started in 2003, when data regarding rituximab in MGN was limited. Indeed, protocol biopsies might be of interest in these patients to assess correlations between response and morphological alterations by electronical microscopy.
In conclusion, temporary depletion of B lymphocytes was shown efficacious in reducing proteinuria in patients with mild tissue damage from MGN. CD 20 cell numbers were exclusively changed after therapy, while B cell infiltrates in renal tissue at study begin could not predict subsequent response. Remission was achieved long after administration of treatment, allowing us to assume blockage of the immunological insult and gradual remodelling of the glomerular filter [32] . Although these results are not efficient to make any recommendations on MGN treatment, we think that such findings point to the need for future research to investigate the precise mechanism of rituximab on the immune repertoire of patients with MGN.
